Enhanced efficacy of putative efflux pump inhibitor/antibiotic combination treatments versus MDR strains of Pseudomonas aeruginosa in a Galleria mellonella in vivo infection model.
The objectives of this study were to compare the antibiotic susceptibility of Pseudomonas aeruginosa strains with increased efflux pump expression in vitro and in vivo and to use these same strains to evaluate the efficacy of combinations of antibiotics with putative efflux pump inhibitors in vivo. A collection of P. aeruginosa strains that overexpress three efflux pumps (MexAB-OprM, MexCD-OprJ and MexEF-OprN), in addition to a strain with all three Mex pumps deleted, were used. The virulence of these strains and their antibiotic susceptibility was measured in vivo using a Galleria mellonella larval infection model. The inhibitory effect of combinations of putative efflux pump inhibitors (trimethoprim and sertraline) with antibiotics on the strain overexpressing MexAB-OprM was also measured in vitro and compared with their efficacy in vivo in terms of larval survival and bacterial burden. Increased expression of the individual efflux pumps, or deletion of all three, had no significant effect on the virulence of P. aeruginosa in vivo. Expression levels of the efflux pumps clearly influenced antibiotic efficacy in vivo. The efficacy of levofloxacin, piperacillin and meropenem against larvae infected with the efflux pump mutants reflected susceptibility to the same drugs in vitro. Treatment of G. mellonella larvae infected with a strain that overexpressed MexAB-OprM with a combination of putative efflux pump inhibitors and levofloxacin resulted in enhanced therapeutic benefit compared with the constituent monotherapies. This study has demonstrated the utility of using G. mellonella to screen for novel therapeutic options for MDR P. aeruginosa and has shown that antibiotic/efflux pump inhibitor combinations should be further investigated for clinical application.